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DATA ACQUISITION AND PROCESSING HISTORY 

FOR THE 

EXPLORER XXXIII (AIMP-D) SATELLITE 
Thomas J. Karras 

AIMP-D and -E Data Processing Engineer 


ABSTRACT 


The Data Acquisition and Data Processing History results for 
the Explorer XXXIII (AIMP-D) Satellite are presented. The 
Quality Control Monitoring System (QCMS), using the Information 
Processing Division's Accounting and Quality Control data bases, 
has made it possible to perform this in-depth analysis. Results 
show that the percentage of useable data files for experimenter 
analysis was 97.7%; only 0.4% of the data sequences supplied to 
the experimenter exhibited missing data. The 50 percentile prob- 
ability delay values (referenced to station record date) indicate 
that the analog tapes arrived at the IPD within 11 days, the data 
were digitized within 4.2 weeks, and the experimenter tapes were 
delivered in 8.95 weeks or less. 
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DATA ACQUISITION AND PROCESSING HISTORY FOR 
THE EXPLORER XXXIII (AIMP-D) SATELLITE 


I. INTRODUCTION 

A . Purpose 

This report presents the Data Acquisition and Data Processing History re- 
sults for the Explorer XXXIII (AIMP-D) Satellite. The AIMP-D telemetry data 
were acquired from Launch (July 1, 1966) to November 1, 1971. The Data Ac- 
quisition coverage, Data Processing results, and three major system delays are 
presented. The three system delays, referenced to the Data Acquisition Station 
(record date) are: (1) GSFC receipt date , (2) GSFC Digitization'date, and 
(3) GSFC shipping date of experimenters' tapes. 

B. General Discussion 

The AIMP-D Satellite was launched July 1, 1966 at 1602 hours GMT in a 
highly -elliptical orbit about the earth after it was determined that a lunar orbit 
was not attainable. The perigee and apogee were approximately 100,000 kilom- 
eters and 500,000 kilometers respectively; the period was approximately 18.5 
days . 

The telemetry type employed for encoding the scientific data was Pulsed 
Frequency Modulation (PFM) . The telemetry data and other pertinent timing 
information were recorded at l-7/8ips on 7-track analog recorders at the NET- 
WORK stations. An average pass was 2-1/2 hours; an analog tape contained 
from one to four passes (analog files). 

The analog tapes were flown to GSFC for processing at the Information 
Processing Division (IPD). The time-of-receipt and other information were 
logged in the IPD accounting system. The analog tapes were digitized at a 16 
times speed-up factor on the PFM F-8 A/D conversion line. After digitization, 
the data files were processed on the IBM 7010 Computer where editing and de- 
commutation of experimenter tapes were performed. Those files which were 
processable resulted in the generation of data quality cards. 

The final disposition (data quality and various process dates) of each file 
was placed on accounting and quality cards. These cards were analyzed using 
the Quality Control Monitoring System (QCMS)* to obtain the statistics and plots 
found in this report . 


*Karras, T. J., “A Quality Control Monitoring System for Satellite Telemetry Data Information Systems,” 
NASA, GSFC, X-563-69-212, May 1969. 
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Figure 1 contains an overview of the Data Acquisition, Data Processing, 
and Data Anal ysis functions pertinent for this report. Shown are the NETWORK 
stations and the IPD's A/D and computer processing, the accounting and quality 
cards, andtheQCMS. 



NOTE: 1 . "Q" records the quality of the experimenter files. 

2. The accounting cards record the following per file: 

a. DAYS - Data Acquisition Record Date 

b. R — *■ IPD Tape •Receipt Date 

c. D -— »■ IPD Digitization Date 

d. . T — » Experimenter Tape Shipped Date 

Figure 1 . A1MP-D Systems Analysis Flow 
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II. INFORMATION SYSTEM PERFORMANCE 

A. Data Acquisition Interval and Coverage Analysis 

The AIMP-D data acquisition support can be divided into two areas: (1) Nor- 
mal support - July 1, 1966 through November 14, 1969, and (2) Special support - 
November 15, 1969 through November 1, 1971. The special support consisted 
of the following: (a) Processing of ’’warehouse stored data” (data acquired be- 
tween November 15, 1969 and termination of data acquisition on January 13, 
1970), (b) Partial operations of AIMP-D beyond its planned lifetime during pe- 
riods when the spin axis-sun angle was between 70° and 110°), (c) Apollo(s) 
Support, and (d) Data processing of analog data acquired by the University of 
Iowa facilities after July 1, 1970. 

Figure 2 is a plot of the complete Data Acquisition Interval (record dates 
on both x and y axis) for the AIMP-D Satellite. A total of 14,603 analog files 
(passes) were recorded. Figure 3 is a plot of the coverage obtained over 7- 
day averages; the analog start and stop times are used with redundancy (overlap) 
times removed and the total (percentage) minutes of coverage found in each 7- 
day interval was computed and plotted. Figure 4 is a plot of the ’’envelope" of 
Figure 3. 

Figure 5 shows the file-to-file coverage over the first 3-months of AIMP-D. 
The average coverage scheduled for this period was approximately 96.75% while 
the overlap (redundancy) was 14.3%. Figure 6 depicts the gaps (inverse of Fig- 
ure 5) over this same 3-month interval. 
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COVERAGE (%) 


tnro ocns plots 



1JBN66 20CT66 2JUL67 1RPR68 1JPN69 10CT69 1JUL70 31MRR71 31DEC71 

OPVS 

Figure 4. AIMP-D Data Acquisition Analog Tape Coverage, 7-day 
Averages (Plot is the Envelope of Figure 3) 
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B. Data Processing Efficiency 


The Data Processing System Efficiency is defined in this report as the ratio 
of the files shipped to the experimenters to the input files received from the 
NETWORK stations. Figure 7 depicts this efficiency flow within the IPD. For 
the 14,603 input files, 216 were determined unprocessable at the A/D line and 
114 files were deleted (culled) in the computer processing. The Datg. Process- 
ing Efficiency (% useable files) was 97. 7%. 

Those files during digitization which were found to be unprocessable were 
assigned a file status code to identify the unprocessable (UPCD) reason. Fig- 
ure 8 is a bar graph of the file status codes identifying the 216 unprocessable 
files. Observe that the UPCD = 30 (insufficient data to process) was the most 
predominant unprocessable code. 

Those files (14,387) which were digitized but could not be processed on the 
IBM 7010 were deleted (culled). A total of 114 files fell into this category. 

Figure 9 is a bar graph by NETWORK station input files (solid bar) and 
useable files (dashed bar). The percentage useable files recovered is tabulated 
in Table I. 




FILES DIGITIZED 


FILES INPUT 

A/D 

(14,387) 

COMPUTER 

(14,603) 


PROCESSING 


I 


FILES 

UNPROCESSABLE 

( 216 ) 


FILES DELETED 
(114) 


FILES TO 
EXPERIMENTER 
(14,273) 


% FILES USEABLE = x 100% ^9 7.7% 

14,603 

Figure 7. Data Processing System Efficiency Flow for AIMP-D 
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Table I 


Data Processing Efficiency (% Useable Files Recovered) 
by NETWORK Station 


Station 

IPD Input 
Files 

IPD Useable 
Files 

Files Not 
Useable 

% Useable 
Files 

ACT 

4,264 

4,181 

83 

98.05 

BPO 

28 

23 

5 

82.14 

FTM 

648 

628 

20 

96.91 

JOB 

3,615 

3,564 

51 

98.58 

LIM 

79 

76 

3 

96.20 

MAD 

620 

601 

19 

96.93 

QUI 

194 

179 

15 

92.26 

ROS 

661 

641 

20 

96.97 

SKA 

719 

700 

19 

97.35 

SNT 

3,126 

3,081 

45 

98. 56 

UOI 

400 

376 

24 

94.00 

WNK 

218 

205 

13 

94.03 

OTHERS 

31 

18 

13 

58.06 


14,603 

14,273 

330 

97. 74% 
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in. DATA QUALITY RESULTS 


This section describes the data quality results of the useable files sent to 
the AIMP-D experimenters. Figure 10 contains the time-history data quality 
results for the AIMP-D Satellite. The quality indicator plotted is the File Qual- 
ity Index (FQI) and is defined as follows: 


FQI = 


1 


DM 

DP(FN - GT) 


x 100% 


where 

FN = the number of telemetry sequences recovered 

DP = 480 = the number of experimenter data points in a sequence 

DM = the number of missing data points contained in sequences which have 
23 or fewer missing data points 

GT = the number of sequences recovered with more than 23 missing data 
points 

Observe from Figure 10 that a total of 14,200 quality cards "Q" were gen- 
erated. This number should agree with the useable files (14,273), however, it 
has been determined that 73 "Q" cards are missing from the data base. It can 
be seen from the statistics on Figure 10 that the average and standard devia- 
tion of the FQI were 99. 63% and 0. 568% respectively. The x-resolution is 2. 744 
days, hence the plot shows averages of all files located within an x-resolution 
cell of 2. 744 days. (A vector was drawn from point-to-point. ) 

Figure 11 plots the cumulative distribution of the FQI values of Figure 10. 
Observe from the statistics that 50% (probability = 0. 5) of the files contained a 
FQI of 99. 50% or better. 

Figure 12 depicts the average FQI values by NETWORK station for the 
AIMP-D data. Table II contains a more detailed breakdown of the data quality 
statistics by NETWORK station. 
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Figure 10. AIMP-D Data Quality History 
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Figure 11 . Cumulative Distribution Probabilities of the File Quality 
Index Values on Figure 10 
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NETWORK Station Data Quality Results for the AIMP-D Useable Files 
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IV. INFORMATION SYSTEM DELAYS 


This section describes the three major Information System delays prevalent 
in the AIMP-D ground system. The three delays analyzed are: (1) IPD Analog 
tape receipt minus station record date, (2) IPD digitization date minus station 
record date, and (3) Experimenter tape shipment date minus station record date. 
These three delays are labeled on the following graphs as: (1) RDAY - DAYS, 

(2) DDAY - DAYS, and (3) TDAY - DAYS, respectively. 

Figure 13 shows the Digitization and Experimenter Tape shipment delay 
history. Also shown are three reference lines, i.e. , data acquisition (record 
date) reference (solid diagonal line) and 6-week and 12-week "lag" reference 
lines (dashed diagonal lines). The x-axis plots the record date. One can ob- 
serve for data recorded in 1968, practically all data recorded was shipped to 
the experimenters within 6 weeks. The shaded area represents the delay be- 
tween the experimenter tape shipment and the digitized date. 

Observe the delay resulting from the: (1) "warehouse storage data," and 
(2) University of Iowa data. 

Figures 14 through 19 plot the three major ground system delays. Figures 
14, 16, and 18 are the receipt, digitization, and experimenter tape shipment 
delays respectively, referenced to the data acquisition record date from July 1, 
1966 through November 14, 1971. 

Figures 15, 17, and 19 are the receipt, digitization, and experimenter tape 
shipment delays respectively, referenced to the data acquisition record date for 
all AIMP-D data. There is a slight discrepancy of the file count on Figure 15, 
17, and 19 compared to Figure 7; this is primarily due to key-punch error in 
the accounting system. 
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AIMP-D Histogram and Cumulative Distribution of Analoc 
Tape Receipt Date Minus Record Date for Data Recorded' 
July 1, 1966 through November 14, 1969 
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Figure 15. AIMP-D Histogram and Cumulative Distribution of Analog Tape 
Receipt Date Minus Record Date for all Data 
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corded July 1, 1966 through November 14, 1969 
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Figure 17. AIMP-D Histogram and Cumulative Distribution of Digitization 
Date Minus Record Date for all Data 
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Figure 18. AIMP-D Histogram and Cumulative Distribution of Experimenter 
Tape Shipment Minus Record Date for Data Recorded July 1 , 
1966 through November 14, 1969 
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Figure 19. AIMP-D Histogram and Cumulative Distribution of Experimenter 
Tape Shipment Minus Record Date for all Data 
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V. SUMMARY 


The Data Acquisition, Data Processing History, and various system delays 
for the Explorer XXXIII (AIMP-D) Satellite have been analyzed using the IPD 
Accounting system and Quality Control Data bases as inputs to the QCMS. Less 
than 0. 5% keypunch/card errors exist in the data bases. 

The time interval analyzed was from July 1, 1966 (Launch) through to the 
termination date November 1, 1971. Figure 20 summarizes the time-history 
accumulation of AIMP-D files within the IPD. Results show that 97. 7% of the 
files supplied to the IPD from the NETWORK stations were shipped to the ex- 
perimenters. From these files, less than 0. 4% data was missing within the 
PFM sequences. 

The major system delays were analyzed and the following summarizes the 
50 percentile probability delay results during the normal spacecraft operation 
interval (referenced to record data). 

(1) 11 days delay for station tapes to arrive at the IPD 

(2) 4.2 weeks delay for analog tapes to be digitized 

(3) 8.95 weeks delay for shipment of experimenter data 
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